Spalt and Spalt-related encode conserved Zn-®nger proteins that mediate the function of the TGF-b molecule Decapentaplegic during the positioning of veins in the Drosophila wing. Here we show that Spalt and Spalt-related regulate the vein-speci®c expression of the transcription factors of the knirps and iroquois gene complexes, delimiting their domains of expression in the wing pouch. The effects of spalt/spalt-related mutations on knirps and iroquois expression are cell-autonomous, suggesting that they could be direct. The regulation of iroquois involves transcriptional repression by Spalt and Spalt-related, whereas the regulation of knirps involves a combination of transcriptional activation and repression mediated by the same genes. We suggest that the regulation of the iroquois and knirps gene complexes by Spalt and Spalt-related translates the Decapentaplegic morphogenetic gradient into precisely spaced pattern elements. q
Introduction
The veins are longitudinal structures that are distributed in species-speci®c patterns in the wings of Pterigota insects (Garcia-Bellido and de Celis, 1992) . The development of veins constitutes an excellent experimental system to analyse the molecular and cellular mechanisms involved in patterning an epithelium, because many genes involved in vein formation have been identi®ed in Drosophila (DiazBenjumea and Garcia-Bellido, 1990; Garcia-Bellido and de Celis, 1992) . The cells forming the veins are smaller and secrete more heavily pigmented cuticle than cells localized in the interveins. This differentiation involves the co-ordinate activities of several signalling pathways which promote (EGF-R and Decapentaplegic) or antagonize (Notch) vein formation (reviewed in de Celis, 1998) . The activation of EGF-R and Decapentaplegic (Dpp) signalling is restricted to the cells that form the vein, whereas activation of Notch occurs in the cells immediately adjacent to the vein. The restricted activation of EGF-R, Dpp and Notch depend on the localized expression of relevant components of these signalling pathways with respect to the developing veins. For example, the Notch ligand Delta (Dl) is expressed at higher levels in the veins, and activates Notch signalling and Enhancer of split (E(spl)) expression in adjacent intervein cells Huppert et al., 1997) . Similarly, the expression of veinlet (ve), a gene encoding a transmembrane protein required for the activation of the EGF-R, is restricted to the developing veins (Price et al., 1989; Sturtevant et al., 1993) . It is likely that the localized expression of Dl and ve in presumptive vein territories is regulated by the positional information system that patterns the wing in the anterior-posterior axis.
Although the development of the four longitudinal veins of Drosophila (L2±L5) involves the same signalling systems and vein cells show identical type of differentiation, there are several characteristics that distinguish one vein from another. Thus, the veins L2 and proximal L4 differentiate predominantly in the ventral wing surface, whereas the veins L3, L5 and distal L4 do so in the dorsal surface (Garcia-Bellido and de Celis, 1992) . Furthermore, several genes are required for the formation of individual veins, suggesting that each vein is individually speci®ed (DiazBenjumea and Garcia-Bellido, 1990) . Vein-speci®c genes include the transcription factors of the iroquois gene complex (iro-C), which are only expressed and required in L3 and L5, and the knirps gene complex (kni-C), which are only expressed and required in L2 (Gomez-Skarmeta and Modolell, 1996; Gomez-Skarmeta et al., 1996; Lunde et al., 1998) . Vein-speci®c genes could be part of a combinatorial code of signals that activate a common vein-differentiation program in different parts of the wing. In addition, veinspeci®c genes could also confer individual qualities to each longitudinal vein.
The longitudinal veins differentiate at precise positions along the anterior-posterior axis of the wing by the action of the signalling molecules Hedgehog (Hh) and Dpp, which organize pattern along this axis (Posakony et al., 1991; Tabata and Kornberg, 1994; Zecca et al., 1995) . The Hh signal transduction pathway activates the expression of dpp in a narrow stripe of anterior cells abutting the anterior-posterior compartment boundary (Sanicola et al., 1995) . Both Dpp and Hh regulate gene expression at some distance from the place where they are secreted, although their ranges of action are different (Capdevilla and Guerrero, 1994; Guillen et al., 1995; Lecuit et al., 1996; Nellen et al., 1996; Strigini and Cohen, 1997) . In anterior cells close to the anterior-posterior compartment boundary, Hh activates the expression of the transcription factors of the iro-C, determining the presumptive region of L3 (Gomez-Skarmeta and Modolell, 1996) . Dpp, in turn, activates the expression of the spalt/spalt-related gene complex (sal-C) in a central domain of the wing pouch that includes the positions of the veins L2, L3 and L4 . sal and salr encode putative transcription factors characterized by the presence of spaced sets of double Zinc ®nger motifs, and they are required for vein patterning (Ku Èhnlein et al., 1994; Barrio et al., 1996; Sturtevant et al., 1997) . The elimination of both sal and salr in genetic mosaics affects vein formation in a similar way to reductions in dpp expression, suggesting that sal/ salr mediate dpp activity in vein patterning . However, the mechanism by which Sal and Salr affect vein development is not understood, because target genes for these proteins have not been identi®ed so far.
Here we show that Sal and Salr regulate the expression of kni-C and iro-C in the wing pouch. Low levels of Sal/Salr activate cell-autonomously the expression of kni in the presumptive region of L2, whereas higher levels of Sal/Salr repress kni-C expression. We suggest that the dual effects of Sal/Salr on kni restrict its domain of expression to the anterior edge of the Sal/Salr expression territory, where the levels of Sal/Salr are lower, and thus determine the location of L2. In addition, Sal and Salr repress the expression of iro-C in the central domain of the wing, establishing the position of L5 adjacent to the sal/salr expression territory in the posterior compartment. Due to Sal/Salr repression, iro-C expression only occurs within the domain of Sal/Salr in cells where Hh signalling is active. Therefore, we propose that sal and salr delimit expression domains of other transcription factors that de®ne individual veins, linking Dpp activity with the speci®cation of pattern elements in the wing.
Results

Subdivision of the wing blade in vein and intervein territories
The presumptive region of the wing blade in the wing disc, the wing pouch, is subdivided in alternating vein and intervein territories (Fig. 1A±D) . The veins correspond to four longitudinal stripes of cells where several genes, such as argos, veinlet and Delta, are expressed. These genes belong to the EGF-R (argos and veinlet) and Notch (Delta) signalling pathways, and their activities are required for the formation of veins of appropriate thickness (reviewed in de Celis, 1998) . The interveins are characterized by the expression of blistered (bs), the Drosophila homologue to the human serum responsive factor, which activity prevents the formation of vein tissue (Fristrom et al., 1994; Montagne et al., 1996) . The expression of E(spl)mb , a Notch-downstream gene, is present in the wing pouch in broad domains that correspond to most interveins, and it is excluded from the developing veins Fig. 1A,C,D) .
The formation of the veins progress during pupal development, when the expression of the transcription factor ventral veinless is activated in all presumptive vein territories (de Celis et al., 1995; Fig. 1E) . At this stage, it is possible to distinguish three different domains of expression in each presumptive vein territory, consisting of a central stripe where EGF-R signalling is active, and two adjacent stripes where Notch signalling is active (Fig. 1E) . The cells where EGF-R signalling is active will differentiate as vein tissue in the adult wing during normal development (Gabay et al., 1997) . The anterior and posterior lateral stripes can be visualized by the expression of the Notch-downstream gene E(spl)mb (Fig. 1E ) and in these cells vein differentiation is prevented . When Notch signalling is compromised, most of these cells differentiate as vein, suggesting that each group of central and associated lateral stripes constitute a vein-competent region (de Celis and Garcia-Bellido, 1994 ; Fig. 1F ).
The expressions of Sal and Salr in the wing pouch occur in the same domain , and therefore we will refer to the Sal and Salr expression territory as Sal/Salr domain. This domain is related to the position of veins ( Fig.  2A) . Thus, the limit of detectable Sal protein in the posterior compartment is adjacent to the domain of E(spl)mb expression and bs downregulation in the L5 territory (Fig. 2B±  D,F) , and therefore it is placed several cells anterior to the L5 vein ( Fig. 2A) . In the anterior compartment, the Sal/Salr expression domain includes a broad territory of low levels of E(spl)mb expression where the levels of Sal/Salr protein are very low (Fig. 2B) . This territory includes a region from where, based on the expression of other markers, the vein L2 differentiates (see below). The L2 vein can also be recognized because of a subtle but consistent reduction in the levels of bs expression (Fig. 2D,E) . In the centre of the wing pouch high levels of Sal/Salr are detected in two stripes of cells that correspond to the veins L3 and L4, and lower levels are present anterior and posterior to these veins, respectively ( Fig. 2A) . In conclusion the expression of sal/salr in the wing pouch includes the L2 vein and extends to the anterior edge of the L5 territory (Fig. 2G) . The heterogeneity in the levels of Sal/Salr could have a functional signi®cance during vein patterning, and suggest that other factors, in addition to Dpp, participate in the regulation of sal/salr in the wing pouch.
The expressions of Kni (L2) and Iro (L3 and L5) are also related to developing vein regions (Gomez-Skarmeta et al., 1996; Lunde et al., 1998; Fig. 3) . Iro proteins are localized in L3 and L5, and are present in the vein and in the associated stripes of E(spl)mb expression, both during imaginal and pupal development (Fig. 3A±C ). In the larval disc, Kni is expressed in a domain broader than the vein L2 that corresponds to the region where E(spl)mb is expressed at low levels ( Fig. 3D,E ; Lunde et al., 1998) . These observations indicate that Iro and Kni are expressed in vein competent regions, and that the loss of L2 and L3/L5 veins in kni and iro mutants respectively (Gomez-Skarmeta et al., 1996; Lunde et al., 1998 ) is due to failures in the speci®cation of the corresponding vein competent region.
The spatial relationships between the distribution of Kni, Iro and Sal were examined directly using appropriate antibodies. Kni is expressed within the anterior edge of the Sal/ Salr expression domain, in the region where Sal/Salr are detected at lower levels ( Fig. 4A ). This differs from a previous report that placed the limit of Sal expression adjacent to but not overlapping with kni expression. This discrepancy may be due to the use by Lunde et al. (1998) of a Pelement insertion to detect sal expression, and has major implications for the interpretation of the functional relationship between sal/salr and kni-C (see below). Iro expression in the L5 vein competent region is, in contrast, immediately adjacent to the posterior limit of Sal expression (Fig. 4B) . Thus, each individual vein expresses a unique combination of transcription factors (L2: Kni-C 1 Sal/Salr; L3: Iro 1 Sal/Salr; L4: Sal/Salr; L5: Iro) that are required for its formation and could confer individual characteristics to each longitudinal vein.
Phenotype of spalt/spalt-related mutant clones
Large mitotic clones of cell homozygous for a de®ciency including sal and salr (Df(2L)32FP-5, see Section 4) result in reorganizations to the venation pattern that are manifest both within and outside the sal/salr domain of expression . To characterize more speci®cally the roles of sal/salr in vein patterning, we have analyzed the effects of small sal and salr double mutant clones on vein development (Fig. 5 ). The phenotype of these clones depends on their position in the wing blade. All such clones that span L2 result in the elimination of this vein (Fig. 4B) . However, cells where sal but not salr is mutant (using sal null alleles) form normal L2 tissue . In addition these sal 2 salr 1 clones can also differentiate ectopic stretches of L2 when they are localized posterior to the normal L2 vein 1997). This result suggests that sal and salr are not equivalent in their roles in L2 development, sal being more effective in suppressing and salr in promoting L2 differentiation.
Small sal/salr mutant clones localized between the veins L2 and L3 and between L4 and L5 cause autonomous formation of ectopic vein tissue, irrespective of the wing surface where the clones appear (Fig. 5C,D) . The differentiation of L3 and L4 is not affected in these clones, but mutant cells close to either of these veins tend to contribute to the vein, resulting in the displacement of L3 and L4 (Fig.  5E ). sal mutant clones in the posterior compartment result in similar but weaker phenotypes , suggesting that both sal and salr antagonize some vein promoting factor/s in the L2/L3 and L4/L5 interveins. Clones of sal/salr in the anterior compartment can also differentiate ectopic sensilla characteristic of L3, indicating that these genes repress other attributes typical of the L3 territory (Fig. 5F ). Finally, most sal/salr mutant clones localized in the region between L3 and L4 differentiate normal intervein tissue (data not shown) or displace the L3 vein (Fig. 5E ), suggesting that other factors in addition to sal/ salr antagonize vein formation here. A good candidate for a vein-suppressing factor in the L3/L4 intervein is the gene knot, which encodes a transcription factor that is speci®cally expressed in response to Hh signalling in the L3/L4 intervein (Vervoort et al., 1999) . The contrasting effects of sal/salr on the formation of speci®c veins (promoting L2 and suppressing L3, L4 and L5) indicate that these genes could both stimulate and antagonize the expression or activity of other vein-promoting genes. Thus, there is no evidence to indicate that sal and salr regulate vein differentiation directly, rather they appear to in¯uence vein development indirectly through regulating the expression of other genes that de®ne individual veins. This regulation would require low levels of Sal/Salr to promote L2 and higher levels of Sal/Salr to inhibit L3 and L5 development. Two good candidates to be regulated by Sal/Salr are the kni-C and iro-C, because they are expressed in L2 and L3/L5, respectively (Gomez-Skarmeta et al., 1996; Lunde et al., 1998) . Furthermore, the function of kni-C and iro-C is required for the formation of these veins (Gomez-Skarmeta et al., 1996; Lunde et al., 1998) .
Regulation of kni and iro expression by Sal/Salr
To characterize the relationships of sal/salr with kn-Ci and iro-C, we ®rst analyzed the effects of sal/salr mutant clones on kni and iro expression. The expression of kni is eliminated in sal/salr clones that overlap the domain of Kni expression (Fig. 6A,B) . These effects are cell-autonomous and can be observed in very small sal/salr clones (Fig. 6C) . This suggests that, in contrast to the non-autonomous effect of Sal on kni postulated by Lunde et al. (1998) , Sal/Salr regulate kni expression in a cell-autonomous fashion. All sal/salr clones localized between veins L2/L3 and L4/L5 are associated with ectopic expression of Iro proteins (Fig. 7) . Again, this effect is strictly cell-autonomous, suggesting that the repression of iro-C genes by Sal/Salr could be direct. Ectopic expression of Iro in sal/salr mutant clones is not observed in regions close to the dorso-ventral boundary, presumably because in this region iro-C expression is repressed by wingless (Gomez-Skarmeta and Modolell, 1996) . The effects of sal/salr on kni-C and iro-C expression were also analyzed in experiments in which sal and salr are expressed ectopically using the GAL4 system (Brand and Perrimon, 1993) . Widespread expression of sal or salr in the wing blade eliminates L2 and L5 (Fig. 8A and data not shown), and prevents expression of Kni and Iro in the L2 and L5 territories, respectively, of the corresponding imaginal discs (Fig. 8B and data not shown). The expression of Iro in L3, which depends on Hh activity (Gomez-Skarmeta and Modolell, 1996), is not affected by removal sal/salr functions and only slightly decreased by their ectopic expression (Fig. 8B and data not shown). Taken together, these observations indicate that Sal/ Salr negatively regulate iro-C expression in cells not exposed to Hh protein, and suggest that precise levels of Sal/Salr proteins are needed to activate kni expression in L2.
Discussion
The secreted molecule Dpp plays a critical role in regu- lating the growth and patterning of the wing disc during larval development and in promoting the differentiation of veins during pupal development (Segal and Gelbart, 1985; Posakony et al., 1991; . The expression of dpp during imaginal development is regulated by Hh, and is restricted to a narrow stripe of anterior cells abutting the antero-posterior compartment boundary (Basler and Struhl, 1994; Tabata and Kornberg, 1994) . Dpp, in turn, regulates the expression of several downstream genes in domains that are broader than the region of dpp expression Grimm and P¯ugfelder, 1996; Lecuit et al., 1996; Nellen et al., 1996) . However, only one target of Dpp, the sal/salr gene complex, has been linked to dpp activity in the patterning of veins, as the elimination of sal/salr reproduces most of the vein phenotypes characteristic of dpp alleles . Here we show that sal/salr regulate the expression of kni-C and iro-C in L2 and L5, respectively. Furthermore, sal/salr also contribute to the restriction of iro-C to L3, allowing iro expression only in cells where Hh signalling is active. The expression patterns of iro-C and kni-C are relevant for vein development, because they are required for the differentiation of L2 (kni-C) and L3/L5 (iro-C) (Gomez-Skarmeta et al., 1996; Lunde et al., 1998) . Thus, the regulation of sal/salr by Dpp links Dpp signalling to the positioning of veins by kni-C and iro-C, and suggests that the regulation of vein-speci®c transcription factors by Sal/Salr plays a key role in the interpretation of the Dpp morphogenetic gradient.
Positioning of L2
The vein L2 develops within an anterior domain where sal and salr are expressed at low levels. Kni is also expressed in this domain, and Sal/Salr are necessary to activate this expression. The development of L2 is prevented when either sal/salr or kni-C expressions are eliminated, indicating that both gene complexes are necessary for L2 formation. However, expression of sal/salr is not affected by removal of kni-C in L2 (data not shown), whereas Kni expression is eliminated in cells lacking sal/salr activity. These results indicate that the functions of sal/salr and kni-C can be ordered in a linear sequence, where Sal/Salr regulate the expression of kni-C and de®ne its anterior limit of expression (Fig. 9C) . Paradoxically, Kni is only expressed in cells where the levels of Sal/Salr are low and not in more posterior regions where sal and salr are expressed at higher levels. This raises the issue of how the posterior limit of kni-C expression is de®ned. Although we cannot exclude the involvement of other genes in this process, several observations suggest that sal and salr could be suf®cient to determine the posterior limit of kni-C expression. First, sal mutant cells, which have a normal copy of salr, promote the formation of ectopic L2 in a region posterior to the normal L2 Sturtevant et al., 1997) . This suggests that Sal suppresses L2 formation posterior to the normal L2, and that Salr, in the absence of Sal, promotes L2 development. Second, when sal or salr are ectopically expressed at high levels in the L2 domain kni expression is not activated and L2 fails to differentiate, suggesting that at high levels Sal and Salr proteins repress kni-C expression. Thus, we propose that only low levels of Salr would be able to activate kni expression, whereas higher levels of either Salr or Sal would result in repression of kni (Fig. 9C) .
Based on this interpretation, the position of L2, as visualized by Kni expression, would be determined autonomously through the activity of the low levels of Sal and Salr that are present at the anterior edge of the sal/salr expression domain (Fig. 9B) . In more posterior cells, where higher levels of Sal/Salr are present, kni-C expression would be repressed and L2 development is prevented. This model assumes that Salr has dual effects on kni-C expression, depending on its concentration and the presence of Sal. At low levels, or in the absence of Sal, Salr would be suf®-cient to activate kni-C expression, whereas high levels of Salr or Salr in combination with Sal would prevent kni-C expression. Similar dual effects on the transcription of target genes depending on concentration have been observed in the case of Kru Èppel, a segmentation gene encoding a Zn-®nger protein (Sauer and Ja Èckle, 1991) . Interestingly, the Sal and Salr proteins contain a Glu-rich domain that could be involved in protein±protein interactions . The formation of homo-or hetero-combinations between Sal and Salr with distinct transcriptional activities Expression domains in the antero-posterior axis of the wing pouch. The orange line indicates the anterior-posterior compartment boundary. The expression of Engrailed (En; green) occurs in all posterior cells and at lower levels in some anterior cells (light green). The anterior limit of En expression determines the posterior limits of both dpp (Dpp; blue) and iro-C (Iro; green) expressions. The anterior limits of dpp and iro-C are determined in response to Hh. In addition, Sal/Salr (Sal/Salr; red) also contribute to the establishment of the anterior limit of iro-C expression in the L3 territory. The anterior and posterior limits of Kni expression (Kni; blue) are de®ned by low and high concentrations of Sal/Salr, respectively. Within each vein competent region, EGF-R is activated in the future vein cells (yellow) and Notch in anterior and posterior adjacent cells (red). (C) Regulatory interactions de®ning the extent of the expression territories of Sal-C, Kni-C and Iro-C. Arrows indicate transcriptional activation and lines transcriptional repression. In the anterior compartment, high levels of Sal/Salr repress both kni-C (2) and iro-C (3) expression. In more anterior cells, low levels of Salr are required to activate kni-C expression (1). In the posterior compartment, Sal/Salr repress iro-C expression (3). We postulate that iro-C is activated posterior to the Sal/Salr domain by low levels of Dpp signalling (?). could be a mechanism to de®ne sharp boundaries of target gene expression. At this moment, due to the lack of suitable salr alleles, we cannot distinguish whether low levels of Sal contribute a redundant function to activate kni-C, or whether, alternatively, Sal is only needed to antagonize the kni-promoting activity of Salr.
The contrasting effects of Sal/Salr levels on L2 formation could be a mechanism by which a secreted signalling molecule (Dpp) controls the localization of pattern elements. Near to the source of Dpp the levels of sal and salr expression are high, and L2 formation is suppressed. At some distance from the source of Dpp the levels of sal and salr expression are lower, and at this low concentration Salr would promote the formation of L2. In agreement with this interpretation, the domain of sal/salr expression, and the position of L2 is shifted towards the anterior-posterior compartment boundary in some dpp loss of function alleles .
Positioning of L5
Although L5 differentiates several cells posterior to the limit of detectable Sal/Salr expression, mutant sal/salr cells have strong effects in the location of this vein. This can be explained by the fact that the L5 vein-competent territory, as de®ned by the L5-related expression of E(spl)mb and bs, is immediately adjacent to the Sal/Salr domain of expression (Fig. 9B) . Therefore, sal/salr could regulate the site where L5 develops by determining the anterior limit of the L5 competent region. This involves Sal/Salr acting to repress L5 promoting genes, because when sal/salr activity is eliminated in the posterior compartment the vein L5 develops within the mutant territory even though this is anterior to the normal position of L5. Furthermore, the observation that posterior sal/salr mutant cells are able to form L5 vein suggests that, in the absence of Sal/Salr, the wing region between L4 and L5 is competent to form L5 vein. In agreement with a role for Sal/Salr in inhibiting the L5 competent territory, the ectopic expression of sal or salr prevents the formation of L5.
The effects of sal/salr on L5 are most likely mediated by the iro-C genes, which are expressed in the L5 competent territory, and are required for the formation of L5 (GomezSkarmeta et al., 1996; Fig. 9) . We found that Sal/Salr act as repressors of iro-C expression in the posterior wing blade compartment. Thus, Sal and Salr activities prevent iro-C expression near to the source of Dpp, and consequently allow iro-C expression only in cells posterior to the sal/ salr expression territory (Fig. 9B) . Although Sal/Salr are excellent candidates to establish by repression the anterior limit of iro-C expression in the L5 competent region, we do not know how the posterior limit of iro-C expression is de®ned in this region. One attractive possibility is that iro-C is positively regulated by Dpp signalling (Fig. 9C) . If low levels of Dpp signalling were enough to activate iro-C but not sal/salr, the extent of the domain of iro-C expression in the L5 vein competent territory would be the result of activation of iro-C by Dpp (posterior limit) and repression of iro-C by Sal/Salr (anterior limit). A positive effect of Dpp on iro-C expression in the posterior compartment is compatible with the observed expression of iro-C occurring in sal/ salr mutant cells localized in the posterior domain of sal/ salr expression. Furthermore, Dpp, in conjunction with Hh signalling, is also required in anterior cells to activate iro-C (Gomez- Skarmeta and Modolell, 1996) . The regulation of dpp and engrailed expression by Hh signalling in anterior cells is another example of how interactions between target genes of the same signalling molecule determine the localization of adjacent domains of gene expression (Sanicola et al., 1995; Strigini and Cohen, 1997) .
Positioning of L3
Sal/Salr also repress iro-C in the anterior compartment, mainly in the region between L2 and L3. Changes in iro-C expression in sal/salr mutant cells localized in this region would explain why these clones are frequently associated with ectopic stretches of L3 and ectopic L3 sensilla. It has been shown that the expression of iro-C in L3 depends on the combined activities of Hh and Dpp (Gomez-Skarmeta and Modolell, 1996) . To integrate the activity of sal/salr in this regulatory network, we suggest that iro-C is restricted to L3 by a combination of two mechanisms: (1) activation by Hh and Dpp signalling and (2) repression by Engrailed and Sal/Salr activities (Gomez-Skarmeta and Modolell, 1996 and this work). In this model, the anterior and posterior limits of iro-C expression in L3 are determined by different transcription factors, Sal/Salr and Engrailed, which are also targets of the signalling systems that activate iro-C expression (Fig. 9B,C) . We also postulate that one role of Hh is to prevent the repression of iro-C by Sal/Salr. Thus, only anterior cells exposed to Hh and Dpp and non-expressing engrailed would be competent to express iro-C during normal development, because in the remaining anterior cells Sal/Salr and En activities suppress iro-C. The expression of iro, however, does not seem to be the only element involved in determining L3 formation, because sal/salr mutant clones localized in the L2 region are associated with ectopic Iro expression, even though they do not differentiate L3 vein.
The regulation of kni-C and iro-C by Sal and Salr explains most alterations in vein patterning observed when sal/salr expression is either eliminated (in sal/salr clones) or increased (in miss-expression experiments). The kni-C and iro-C have been shown to affect the expression of the veinpromoting gene veinlet in the veins L2 and L3/L5, respectively (Gomez-Skarmeta et al., 1996; Lunde et al., 1998) . The effects of kni-C and iro-C on veinlet expression, and possibly on other vein promoting genes, would link the expression of transcription factors in individual veins in response to the signalling systems that regulate anteriorposterior wing patterning to the local activation of the EGF receptor in vein territories. The role of the sal/salr genes in this process would be to limit the territory of activation of iro-C and kni-C in response to Dpp and Hh, therefore determining the places where the program of vein differentiation can be initiated. This system of positional information has strong similarities with the segmentation of the blastoderm, where gene expression domains are set by thresholds of protein concentration involving repressive interactions between neighbouring gap-gene expression domains (Pankratz and Ja Èckle, 1993) .
Experimental procedures
Drosophila strains
Flies were raised on standard Drosophila medium at 258C. Mutations not described in the text and balancer chromosomes can be found in Lindsley and Zimm (1992) . We used a de®ciency that removes the genes sal and salr (Df(2L)32FP5; Barrio et al., 1999) , the UAS lines UASsal and UAS-salr , the GAL4 line GAL4-756 (Gomez-Skarmeta and Modolell, 1996) and the reporter lines E(spl)mb -CD2 (de Celis et al., 1998) and bslacZ (Montagne et al., 1996) .
Immunocytochemistry
Antibody staining was done as described in Cubas et al. (1991) . We used rabbit anti-b -gal (Cappell), rabbit anti-Sal, rat anti-Sal (de Celis et al., 1999) , rat anti-Vvl (Llimargas and Casanova, 1997) , rat anti-Caupolican (a gift from P. Aroca) and guinea pig anti-Kni (Kosman et al., 1998) . Secondary antibodies from Jackson Inmunological Laboratories were used at a ®nal 1:200 dilution. Samples were analyzed with a Leika TCS confocal microscope.
Generation of mosaics
Clones of Df(2L)32FP5 were generated using the FLP/ FRT system (Xu and Rubin, 1993) , and were induced by 1 h heat shock at 378C (48±72 h after egg laying) in larvae of two genotypes, hsFLP1.22; Df(2L)32FP5 FRT40/arm-lacZ FRT40 and f 36a hsFLP1.22; Df(2L)32FP5 FRT40/ck P[f 1 ]30 FRT40. In the ®rst experiment, Df(2L)32FP5 clones were visualized in third instar wing discs by the absence of b -gal expression. In the second experiment Df(2L)32FP5 clones (labelled with f) were analyzed in adult wings.
